RBsumk. -Nous avons pour but d'elucider la nature de la transition de phase en examinant avec precision la diffusion critique de rayons X tiree de 4,4'-Bis(heptyloxy)azoxyben~ne C,,H3,N203(HAB) prb de la temperature de transition smectique C-nkmatique.
1.
Introduction. - Recently, many attempts have been made to elucidate the nature of molecular interactions in the liquid crystals. The X-Ray scattering technique is also a good tool to clarify the nature. The intensity of X-Ray scattering intensity from liquid crystals is observed at a following scattering angle 2 8 [l] :
1. Small angle scattering near 2 0 2 00, 2. Bragg scattering from smectic liquid crystals near 2 8 2 40, 3 . Halo scattering near 2 8 g 20°, when CuKa, radiation is employed.
Here we report the results of case 2 in 4,4'-Bis(heptyloxy)azooxybenzene, C2,H3,N203 (HAB). Espesially, the diffuse X-Ray scattering above the smectic C-nematic phase transition temperature (T, = 93 OC) is carefully examined to clarify the mechanism of the phase transition. Preliminary results of the diffuse scattering from HAB are given in reference [4] . The extended study of this substance is carried out and some new aspects of the phase transition as given in the next section are obtained and discussed on the basis of the Landau theory [2].
2. Experiments. -CuKa, radiation (60 kV, 100 mA max.) monochromatized by a flat plate of a graphite crystal was used throughout the measurements. A divergent slit of 0.15 mm in width was placed at a distance of 165 mm from the monochromator and two receiving slits of 1 mm in width were set at a distance of 150 mm and 190 mm from the specimen. The intensity of the X-Ray beam scattered by the specimen was measured by a proportional counter. The horizontal resolution obtained by scanning the incident beam around the zero scattering angle was estimated to be 0.060. The specimen sat in a 2 mm diam. hole drilled into a 1 mm thich copper block with 0.01 mm mylar windows on both sides. The hot stage was set in the 5 mm gap of a magnet with a field of 100 Oe. The temperature of the specimen was controlled within f 0.05 OC.
The typical intensity profiles observed at Tc is the wave vector parallel to the applied magnetic field. The full width at half maximum of the diffuse scattering at Tc + 4 O C is twice of that of smectic Bragg scattering at Tc -8 OC.
The peak intensity of the Bragg scattering in the smectic phase is almost constant and drops abruptly at Tc = 93 OC, as given in figure 2. It is found that the smectic C-nematic phase transition is the first order. Just above Tc, the intensity increases due to the shoulder of diffuse scattering in the nematic phase. The intensity of the diffuse scattering above Tc decreases with increasing temperature. In figure 3 , the inversed intensities are plotted as a function of temperature. nematic phase. Some of them are given in reference [4] and it is found that the peak position qo of the diffuse scattering increases with increasing temperature in the nematic phase. In figure 4 , the observed value of 2 n/) qo 1 is plotted as a function of temperature.
T E M P E R A T U R E ("C)
The short range ordering of the smectic A in the nematic phase decreases with increasing temperature due to the fluctuation of a director and the average spacing of the smectic A layer decreases with increasing temperature. The temperature dependence of 2 zl I qo I
gives the temperature dependence of the order parameter in the nematic phase, that is,
The value of 0 is estimated to be about 20° at the nematic-isotropic phase transition temperature T,, = 124 OC, if 8 = 00 at Tc.
3.
Discussion. - The measurement of X-Ray diffuse scattering from HAB was carefully carried out above the smectic C-nematic phase transition temperature T, and it is found that the transition is the first order and the short range ordering of a smectic A appears in the nematic phase. Following the Landau theory [2, 31, the order parameter of a smectic A is a density wave given by and a free energy is written by
The intensity profiles of the diffuse scattering are 1 carefully measured at several temperature in the   F ( q , T ) = F o + -a ( q , T ) I p q I 2 + " * ,
2
(2)
where F, is a energy of no density wave and a(q, T ) has a cylindrical and inversion symmetry in q-space and has a minimum at q = qo as following,
a(s, T ) = A(T -To)/To f
Here qll and q, are the wave vector parallel and per: pendicular to the external field' direction and also to the normal vector of the smectic plane, A, B and C are constant and To is a hypothetical transition temperature of a second order phase transition. The thermodynamical average of mean square amplitude is given by,
The intensity of diffuse X-Ray scattering is then written by
rature given in figure 3 . The agreement between the calculated curves and observed values is excellent. A high-resolution X-Ray scattering study of the critical fluctuations in the nematic phase associated with the smectic A-nematic transition in CBOOA was carried out and the new critical index was determined [5]. However our results is more likely to be consistent with the classical Landau's theory.
The new aspects on the smectic C-nematic phase transition at T, = 93 OC in HAB have been obtained in the present work. Especially a short range ordering of a smectic A phase appears in the nematic phase. The temperature dependence of 2 zlq, implies molecular length changes, or tilting of molecules which decreases gradually with increasing temperature in the nematic phase as shown in figure 4 . On the otherhand, the value of I q, l = 2 z / d becomes larger in the smectic phase than 1 q, 1 in the nematic phase as shown in figure 4. The value of q, is almost constant in the smectic phase and increases with increasing temperature in the nematic phase in HAB. There is a fairly large jump in the q, value at Tc accompanied with the first order phase transition. The study of this material under uniaxial pressure is now progress near Tc in order to clarify the nature of the phase transition, expecting some new phases near Tc and pressure dependences of the q, value.
This equation indicates that the diffuse intensity profiles is a two dimensional Lorentzian. The cal
